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ABSTRACT 

The bright star 55 Cancri is known to host five planets, including a transiting super-Earth. The 
study presented here yields directly determined values for 55 Cnc's stellar astrophysical parameters 
based on improved interferometry: R — 0.943 ± O.OlOi?©, Teff = 5196 ± 24 K. We use isochrone 
fitting to determine 55 Cnc's age to be 10.2 ± 2.5 Gyr, implying a stellar mass of 0.905 ± 0.015M Q . 
Our analysis of the location and extent of the system's habitable zone (0.67-1.32 AU) shows that 
planet f, with period ~ 260 days and Msini = 0. 155 Mj up n er , spends the majority of the duration 
of its elliptical orbit in the circumstellar habitable zone. Though planet f is too massive to harbor 
liquid water on any planetary surface, we elaborate on the potential of alternative low-mass objects 
in planet f 's vicinity: a large moon, and a low-mass planet on a dynamically stable orbit within the 
habitable zone. Finally, our direct value for 55 Cancri's stellar radius allows for a mo del- independent 
calculation of the physical diameter of the transiting super-Earth 55 Cnc e (~ 2.05 ± 0.15i?e), which, 
depending on the planetary mass assumed, implies a bulk density of 0.76 or 1.07 p®. 
Subject headings: infrared: stars - planetary systems - stars: fundamental parameters (radii, temper- 
atures, luminosities) - stars: individual (55 Cnc) - stars: late-type - techniques: 
interferometric 



1. INTRODUCTION 

55 Cancri (— HD 75732 = p Cancri; 55 Cnc here- 
after) is a late G / early K dwarf / subgiant ([Gray et al.l 
2003) currently known to host five extrasolar planets 
with periods between around 0.7 days and 14 years 
and minimum masses betw een 0.026 and 3.84 Mj up i ter 
(|Dawson fe Fabrvcky||2010l) . These planets were all dis- 
covered via t he radial velo c ity me t hod and succ e ssivel y 
announced in iButler et al.l (11997ft. iMarcv et all (|2002f ). 
IMc Arthur et al.l (120041 )7^ Fischer et al l (|2008h . 

Astrophysical insights on two of the currently known 
planets in the 55 Cnc system are direct consequences of 
the determination of the stellar radius and surface tem- 
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perature: 

• Elimination of period aliasing and the conse- 
quently updated orbital scenario presented in 
iDawson fe Fabrvckvl (|2010D motivated the recent, 
successful photometric transit detections of the 
su per-Earth 55 Cnc e with a period of 0.7 days 
bv lWinn et al.l (|20T1 using MOST and, indepen- 
dentlv. IPemorv et al.l (|201ll ) using Warm Spitzer. 
The calculation of planetary radii based on tran- 
sit photometry relies, of course, on a measured or 
assumed stellar radius. 

• Based on the equations relating stellar luminos- 
ity to the location an d extent of a stellar system's 
habitable zone (HZ) (j Jones fe Sleep! 120101 ) . planet 
55 Cnc f falls within 55 Cnc's traditional circum- 
stellar HZ. 

Apart from valu es derived from stellar modeling 
(|Fischer et al.l 120081 ). there are two direct (interferomet- 
ric) stellar diamet er determinat i ons o f 55 Cnc: R — 
1.15 ± 0.03 5i^ in iBaines et al.l (120081) an d R = 1.1 ± 
0.096.R© i n Ivan Belle fc von Braunl (120091) . Note, how- 
ever, that Ivan Belle fc von Braunl (|200 9) report, in their 
§5.1 and §5.4.1, the fact that R ~ 1.1 Rq makes 55 Cnc 
a statistical outlier in their fitted Teff = f((V ~ K)o) 
relation (see their §5.1). In order not to be an outlier, 
55 Cnc's angular diameter would have to be 0.7 milliarc- 
seconds (mas), corresponding to 0.94i? Q . 

In this paper, we present new, high-precision interfero- 
metric observations of 55 Cnc with the aim of providing 
a timely, directly determined value of the stellar diame- 
ter, which, when combined with the flux decrement mea- 
sured during planetary transit, yields a direct value for 
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the exoplanetary diameter. Furthermore, the combina- 
tion of angular stellar diameter and bolometric stellar 
flux provides directly determined stellar surface temper- 
ature. The resultant stellar luminosity determines the 
location and extent of the circumstellar HZ, and we can 
ascertain which, if any, of the planets orbiting 55 Cnc 
spend any, all, or part of their orbits inside the HZ. 

We describe our observations in $2] The determination 
of stellar astrophysical parameters is shown in [J3] We 
discuss 55 Cnc's circumstellar HZ and the locations of 
the orbiting planets with respect to it in SJH Section [5] 
contains the calculation of the radius of the transiting 
super-Earth 55 Cnc e, and we conclude in iJS] 

2. INTERFEROMETRIC OBSERVATIONS 

Our observational str ategy is described in detail in 
Ivon Braun et al.l (|2011aD . We briefly repeat the general 
approach here. 

55 Cnc was observed on the nights of 11 and 12 May, 
2011, using the Georgia State University Center for 
High Angular Resolution A stronomy (CHARA) Array 
(|ten B rummcl aar et al.ll2005[ ). a long baseline interferom- 
eter located at Mount Wilson Observatory in Southern 
California. We used the CHARA Classic beam combiner 
with CHARA's longest baseline, S1E1 (~ 330 m) to col- 
lect the observations in iJ-band (\ C entrai — 1-67 /im). 

The interfcromctric observations included the common 
technique of taking bracketed sequences of the object 
with calibrator stars, designed to characterize and sub- 
sequently eliminate the temporally variable effects of the 
atmosphere and telescope/instrument upon our calcu- 
lation of interferometric visibilitiefQ- During the ob- 
serving period, we alternated between two point-source 
like calibrators, both of which lie within 5 degrees on 
the sky from the target, to minimize the systematic ef- 
fects. These calibrator stars were: HD 74811 (G2 IV; 
6 ES t = 0.407 ± 0.015 mas) and HD 75332 (F8 V; 
9est — 0.401 ± 0.014 mas). 6est corresponds the es- 
timated angular diameter of the calibrator stars based 
on spectral energy distribution fitting. 

The uniform disk and limb-darkened angular diame- 
ters $ud and #leEJ respectively, are found by fitting 
our calibrated visibility measur ements to the respec- 
tive functions for each relation (jHanburv Brown et al.l 
19741). Lim b darkening coefficients were taken from 



the left panel of Fig. [T] 

3. FUNDAMENTAL ASTROPHYSICAL 
PARAMETERS OF THE STAR 55 CANCRI 

In this Section, we discuss 55 Cnc's stellar astrophysi- 
cal properties. The results are summarized in Table [T] 

12 Visibility is the normalized amplitude of the correlation of 
the light from two telescopes. It is a unitless number ranging from 
to 1, where implies no correlation, and 1 implies perfect cor- 
relation. An unresolved source would have perfect correlation of 
1.0 independent of the distance between the telescopes (baseline). 
A resolved object will show a decrease in visibility with increasing 
baseline length. The shape of the visibility versus baseline is a 
function of the topology of the observed object (the Fourier Trans- 
form of the object's shape). For a uniform disk this function is a 
Bcsscl function, and for this paper, we use a simple model of a limb 
darkened variation of a uniform disk. 

13 The limb-darkening corrected $ld corresponds to the angular 
diameter of the Rosseland, or mean, radiating surface of the star. 



3.1. Stellar Diameter 

We examined the following two sets of literature in- 
terfcromctric data in order to decide whether to in- 
clude the m into our analys is: CHARA data pre- 
sented in iBaines et al.1 (120081) . and data published in 
Ivan Belle fc von Braun! (|2009T ) taken with the Palomar 
Testbed Interferometer (PTI), which features a 110 m 
baseline compared to CHARA's 330 nP^I. In the left 
panel of Figure [T] we show our data and corresponding 
fit for 0ld- The right panel of Figure [T] contains all three 
datasets along with the fit based on our new data. The 
superiority of our new CHARA data due to the longer 
baselines is readily apparent. We therefore chose to as- 
sign zero weight to the two literature datasets in our 
analysis, particularly due to the fact that fits inclusive 
of all data weighted equally do not influence the fit and 
corresponding results. 

Our interferometric measurements (Figure [T|) yield 
a limb-darkening corrected angular diameter #ld = 
0.711 ± 0.004 mas. Co mbined with 55 Cnc 's trigonomet- 
ric parallax value from Ivan Leeuwenl (|2007|) . we calculate 
its linear radius to be R = 0.943 ± 0.010i? Q (Table H]). 

Our result of #ld — 0.7 mas is consistent with 
the PTI-derived valu e (~ 1.1 mas) published in 
Ivan Belle fc von Braunl (|2009f ) at the 1.5cr level. Fur- 
thermore, f?LE> — 0.7 mas exactly corresponds to the 
angular diameter required for 5 5 Cnc to fall onto the 
Trff versus (V — K) relation in Ivan Belle fc von Braunl 
(2009); see their equation 2 and section 5.4.1. Finally, 
our directly determined value for 55 Cnc's stellar radius 
( R = 0.943/?^) is con sistent with the calculated value 
in iFischer et al.l (I2008D based on s tellar parameters cat- 
aloeed in lValenti fc Fischen (|2005l ). 

3.2. Stellar Effective Temperature 

Following th e pro cedure outlined in §3.1 of 
Ivan Belle et al.l (|2007t ). we produce a fit of the 
stellar spectral energy dist ribution (SEP ) based on 
the spectral templates of Pickles (1 9981) to litera- 
ture 



hotometr y published i n [Niconoy et al J 
Argud (fl96l : IMarlboroughl (U964D: lArgud 



1957); 



1966); 



.Cowlev et al.l (|1967j) : iRufenerl (119761): iPersson et al.1 
(11977ft: lEggenl (09781): lOlsenl (11983D : iMermilliodl (1198' 
lArribas fc Martinez Roger! (I1989D: iGonzalez fc Pich 
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Claret] (|2000f ). The data and fit for #ld are shown in iCutri et al 



01sen| IT993I): IHauck fc Mermilliodl ~Tl998) ; 
(I2003l)7lk azlaus kas et al.l (|2005[) : see also the 
catalog of iGezari et al.l (|199"9TT Typical uncertainties 
per datum for these photometry data are in the range of 
5-8%. 

We obtain fits with reduced \ 2 ~ 3 when using K0 IV 
and G8 IV spectral templates. The creation of a G9 IV 
template by linearly interpolating the specific flux values 
of the K0 IV and G8 IV spectral templates for each value 
of A, however, improves the quality of this fit to a reduced 
X 2 = 0.72. Interstellar extinction is a free parameter in 
the fitting process and produces a value of Ay — 0.000 ± 
0.014 mag, consistent with expectations for this nearby 
star. The value for the distance to 55 Cnc is adopted 
from Ivan Leeuwenl (|2007D . The SED fit for 55 Cnc, along 
with its residuals, is shown in Fig. m 

14 Canonically, CHARA's spatial resolution is therefore superior 
with respect to PTI data by a factor of t hree, but PTI data pipeline 
and its products are well characterized (Bodcn et al. 1998). 
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Fig. 1. — Calibrated visibility observations along with the limb-darkened angular diameter fit for 55 Cnc. The left panel shows the fit only 
based on the CHARA data presented i n this work. For comparis on with litera t ure d atasets, the right panel includes PTI data (shortest 
baseline) from [van Belle Sz von Braunl 1(20091 ). CHARA data from IBaines et al.l pOM l (longer baseline), and data presented in this work 
(longest baseline), along with the same fit as in the left planel. The bottom pane ls sh ow the residuals around the respective fit. Note the 
different scales for both x and y axes between the panels. For details, sec [[2] and £|3. 1 1 The fit results are given in Table [T] 
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Fig. 2.— SED fit for 55 Cnc The (blue) spectrum is a G9IV 
spectral template (Pickles 1998). The (red) crosses indicate pho- 
tometry values from the literature. "Error bars" in x-direction 
represent bandwidths of the filters used. The (black) X-shapcd 
symbols show the flux value of the spectral template integrated 
over the filter transmission. The lower panel shows the residuals 
around the fit in fractional flux units of photometric uncertainty. 
For details, see ^3] 



The principal result from the SED fit is the value of 
55 Cnc's stellar bolometric flux of Fbol = (1-227 ± 
0.0177) x 10 -7 erg cm~ 2 s , and consequently, its lu- 
minosity of L = 0.582 ± O.O14L . Using the rewritten 
version of the Stefan-Boltzmann Law 



T EF f(K) = 2341(Fbol/0ld) t . 



(1) 



where Fbol is in units of 10 8 erg cm 2 s 1 and 6*ld is in 
units of mas, we calculate 55 Cnc's effective temperature 
to be T E ff = 5196 ± 24 K. 



3.3. Stellar Mass and Age 

Our values for 55 Cnc's stellar luminosity and ef- 
fective temper ature are compared to Yonsei-Yale stel- 
lar isochrones (|Demarque et al.l l2004t iKim et all 120021 : 



Yi et all 12001 with [Fe/Hl = 0.31 (|Valenti fc Fischerl 
20051: I Fisc her et al.l I2008D to estimate its mass and 



age. As illustrated in Figure [3l interpolating between 
isochrones and mass tracks yields a best-fit age of 55 Cnc 
of 10.2 ± 2.5 Gyr and stellar mass of 0.905 ± O.O15M . 
Note that the above uncertainties are based on only the 
l-<7 measurement errors in our calculations of L (~ 2.4%) 
and Teff (~ 0.5%), shown as error bars in Figure|3l and 
do not take into account systematic offsets due to, e.g., 
metallicity. 

Our values for 55 Cnc's stellar mass and age are consis- 
tent with their respective counterparts obtained via spec- 
troscopic an alysis combined with ph otometric bolometric 
corrections (jValenti fc Fischerll2005D . as well as with age 
estimates using the Ca II chromosp heric activity indi- 
cators and gyrochronology rela tions ( Wr ight et al J 120041 : 
IMamaiek fe Hillenbrand 2008). In addition, they are 



wi thin the erro r bars of the equivalent va lues derived 
inlFischer et al.l (120081) and the ones used in lWinn et al.l 
(|2011f) and lDemorv et all (|201lD . Finally, the stellar sur- 
face gravity is computed from our radius measurement 
and mass estimate, plus associated uncertainties, to be 
logs = 4.45 ±0.01. 

A summary of all directly determined and calculated 
stellar astrophysical parameters in this Section is re- 
ported in Table [1] 

4. 55 CANCRI'S HABITABLE ZONE 

In this Section, we calculate the location and extent of 
the HZ in the 55 Cnc system, and we examine which of 
the orbiting planets spend all or part of their respective 
orbits in the HZ. We further comment on the potential 
existence of habitable objects around 55 Cnc. 

A circumstellar traditional HZ is defined as the range 
of distances from a star at which a planet with a moder- 
ately dense atmosphere could harbor liquid water on its 
surface. More details about the definition of habitable 
zones, typically used for Earth-lik e planets with clearly 
defi ned surfaces, can be fou nd in iKasting et al.l ([1993D 
and lUnderwood et alj (|2003f >. 
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Fig. 3. — Comparison of our values of 55 Cnc's L and Teff to Yonsei-Yale isochroncs. The right panel is a zoom of the left panel, 
centered on the data point. Different age isochrones are in dicat ed by the different line styles, where the best fit isochronc (asterisk; solid 
line) yields a stellar age of 10.2 ± 2.5 Gyr. For details, see £13.31 and Table [T] 



TABLE 1 
Stellar Properties of 55 Cnc 



Parameter 


Value 


Reference 


Spectral Type 


K0 IV-V 


Grav et al. ( 


20031 


Parallax (mas) 


81.03 ±0.75 


van Lccuwcn 


(2007) 


[Fe/H] 


0.31 ±0.04 


Valcnti & Fischer (2005) 


UD (mas) 


0.685 ± 0.004 


this work 1 


m 


LD (mas) 


0.711 ±0.004 


this work 1 




Radius (-R0) 


0.943 ±0.010 


this work (£ 




Luminosity (Lq) . . . 


0.582 ±0.014 


this work (i 




Teff (K) 


5196 ± 24 


this work (i 


0} 


Mass (M e ) 


0.905 ±0.015 


this work (i 


sot 


Age (Gyr) 


10.2 ±2.5 


this work (£ 


0} 


log g 


4.45 ±0.01 


this work (i 


331 


HZ boundaries (AU) 


0.67-1.32 


this work 1 


m 


Note. — Directly determined and derived stellar parameters 



for the 55 Cnc system. 



Our calculations of the inner and outer boundaries of 
55 Cnc's HZ are based on our directly determined host 
star properties (32J). Similar to lvon Braun et aLI (l2011al) 
for G J 581, we use the equation s in lUnderwood et al.l 
(|2003l) and Uones & Sleepl (|2010l) to relate inner and 
outer edges of the HZ to the luminosity and effective 
temperature of the host star 55 Cnc. We find an inner 
and outer HZ boundary of 0.67 AU and 1.32 AU, respec- 
tively. The HZ is shown as the gray-shaded region in 
Figure HI which illustrates the architecture of the 55 Cnc 
system at different spatial scales. 

We calculate equilibrium temperatures T eq for the five 
known 55 Cnc planets using the equation 



.4 _ S(l - A) 



(2) 



where S is the stellar energy flux received by the planet, 
A is t he Bond albedo, an d a is the Stefan-Boltzmann con- 
stant (|Selsis et al.l 12001 . The energy redistribution fac- 
tor / indicates the atmospheric efficiency of redistribut- 
ing the radiation received from the parent star across 
the planetary surface by means of circulation, winds, jet 



streams, etc. / is set to 2 for a hot dayside (no heat redis- 
tribution between day and night side) and to 4 for even 
heat distributiorF 5 !. Table [5] shows the calculated equilib- 
rium temperatures for the planets in the 55 Cnc system 
assuming different values of Bond albedos, inluding the 
value for Earth (A = 0.29). Note that the temperature 
given for the / = 2 scenario is the planet dayside tem- 
perature. All of 55 Cnc's known planets, except planet f, 
are either located well inside or beyond the system's HZ 
(see Figure |4j . 

Figure 0] shows that planet 55 Cnc f 
(Msint = 0.155Mj upit ^ = 49.3M©; table 10 in 
iDawson fc Fabrvckvl [2010) is on an elliptical orbit 
(e ~ 0.3) during which it spends about 74% of its 
orbital period of approximately 260 days inside the HZ. 
Thus, T eq is a function of time (or phase angle). The 
time-averaged distance between planet f and 55 Cnc is 
0.82 AU. For the / = 2 scenario (no heat redistribution 
between day and night sides) and A — 0.29, planet f's 
time- averaged dayside temperature is 294 K, and varies 
between 263 K (apastron) and 359 K (periastron) during 
its elliptical orbit. Assuming an even heat redistribution 
(/ = 4) and A = 0.29, however, we calculate planet f's 
time-averaged surface temperature = 247 K, with 

a variation of 221 K at apastron to 302 K at periastron. 
Planet f's long-period, elliptical orbit makes any kind 
of tidal synchronization unlikely. Further taking into 
account its mass, typical of gas giant planets, / = 4 
appears to be a much more likely scenario than / = 2 or 
similar. Note, that even though planet f's time-averaged 
Tl q =A is below the freezing point of water, heating due 
to greenhouse gases could moderate temperatures in its 
atmosphere to above the freezing point of water (e.g., 
ISelsis et al]l2007l IWordsworth et alJ[20loT ). 

We point out that eccentricity estimates for planet 
f range from values b etween 0.13 and 0.3 in 
IDawson fc Fabrvckvl ()2010D for the correct 0.74-day pe- 
riod of planet e with 1-er error bars of ^0.05. Clearly, the 



15 See Appendix in Spiegel & Burrows (2010) for a detailed ex- 
planation of the / parameter. 
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differences between the temperatures at apastron and pe- 
riastron calculated above decrease if e/ is smaller than 
our value of 0.3. In addition, the orbit-averaged flux S 
(Equation [2]) increases with the planetary eccentricity e 

as (l — e 2 ) . Thus, the equilibrium temperature of 
planet f increases for larger e/, but this is at most a 
10% effect for ef < 0.4. Finally, irrespective of the in- 
stantaneous value of e/, all the planets in the 55 Cnc 
system undergo long-term secular oscillations in eccen- 
tricity such that their effective temperatures may change 
in time. 

We further note that the planet 55 Cnc f is likely too 
massive to harbor liquid water on any planetary surface 
([Selsis et all 120071) . In tcr ms of an actual habitable ob- 
ject in the 55 Cnc system, there are thus two potential 
candidates: a massive moon in orbit around planet f or 
an additional low-mass planet in or near the HZ. 

Could 55 Cnc f host a potentially habitable moon? 
One formation model suggests that the mass of a giant 
planet satelli te should generally be about 10 -4 times the 
planet mass (jCanup fc W ard 2006|). For 55 Cnc f the ex- 
pected satellite mass is therefore ~ 5 x 10 _3 M^, which 
is comparable to the mass of Jupiter's moon Europa but 
probably too low to retain a thic k atmosphere for lon g 
time scales at HZ temperatures ([Williams et al.lll997l) . 
Of course, there exist alternate origin scenarios that 
could produce more mas sive giant planet moons (e.g., 
lAgnor fc Hamilton! I2006D with correspondingly higher 
probability of atmospheric retention. In addition, val- 
ues of ef < 0.3 would slightly decrease the equilibrium 
temperature of any hypothetical moon around planet f, 
and consequently increase its potential of retaining an 
atmosphere. 

Any potential, dynamically stable existence of an ad- 
ditional low-mass planet in the outer part of 55 Cnc's HZ 
depends in large part on the eccentricity of planet f, since 
its gravitational reach will cover a larger fraction of the 
HZ for hi gher values of e f . U sing the simple scaling argu- 
ments of Uones et al.l (|2005l) . which are based on the an- 
alytical two-planet H ill stability limit (jMarchal fc Bozisl 
[1981 ICdadman1 IT993). the semimajor axis of the orbit 
closest to planet f that is likely to be stable for a low- 
mass planet is roughly 0.87 / 1.0 / 1.14 / 1.24 / 1.32 AU 
for e/ = / 0.1 / 0.2 / 0.3 / 0.4. Given our calculated 
value of 1.32 AU for the outer edge of the HZ and our 
default value of e/ = 0.3, only the outermost portion of 
the HZ is able to host an additional low-mass planet. 

This simple scaling argument matche s up reasonably 
well w ith the N-body simulations of iRavmond et al.l 
(2008), who mapped the stable zone of 55 Cnc between 
planets f and d but assumed a low fixed (initial) value 
for ef. The exterior 3:2 mean motion with planet f, lo- 
cated at 1.02-1.04 AU, repr esents an additional stable 
niche. IRavmond et al.1 ([20081 ) showed that, although nar- 
row, this resonance is remarkably stable for long time 
scales, for planet masses up to the mass of planet f or 
even larger, and even for some orbits that are so eccen- 
tric that they cross the orbit of planet f . This resonance 
is stable whether planet f's orbit is eccentric or circular. 

Thus, we conclude that if e/ is large (> 0.3) an ad- 
ditional Earth-like planet could exist in either the 3:2 
resonance with planet f at 1.03 AU or in the outer 
reaches of the HZ. In that case the additional planet's 



orbit would likely also be eccentric, although climate 
models have shown that larg e eccentricities do not pre- 
clude habitable con ditions ([Williams fc Pollardl 120021 : 
iDressing et al.l 120101 ). If, however, e/ is small then an 
additional planet in HZ could be as close-in as about 0.9 
AU and would likely be on a low-eccentricity orbit. 

5. THE TRANSITING SUPER-EARTH 55 CNC E 

This Section contains the implications of our calculated 
stellar parameters for the radius and bulk density of the 
transiting super-Earth 55 Cnc e. 

Three recent papers rely on the value of 55 Cnc's 
physical stell ar ra dius that we measure to be 0.9 43 ± 
O.OlOi?^ (see %Ulan d Table [J). iWinn et al.l (poTTI ) and 
iDemorv et al.l ( 20111 ) both independently report the pho- 
tome tric detectio n of a transit of 55 Cnc e. In addi- 
tion, iKane et al.l ([201 ID calculate combinations of ex- 
pected planetary brightness variations with phase, for 
which knowledge of planetary radius is useful. 

In our calculations of the planetary radius, we assume 
that 55 Cnc e has a cold night side, i.e., the planet is 
an opaque spot superimposed onto the stellar disk dur- 
ing transit. We note that, strictly speaking, any cal- 
culated planetary radius therefore actually represents a 
lower limit, but due to the intense radiation received 
by the parent star at this close proximity, it is un- 
likely for 55 Cnc e to retain any kind of atm o spher e 
([Winn et al.ll201lD . Using the formalism in lWinnl (|2010f ). 
the measured flux decrement during transit therefore cor- 
responds to (^ E ) 2 , where R p and i?* are planetary and 
stellar radius, respectively. 

IWinn et al.l ([201 ID obtain = 0.0195±0.0013 and M p 
— 8.63±O.35Af0. In combination with our stellar radius, 
these measurements result in R p = 2.007±0.136i?e and a 
planetary bulk density of 5.882±0.728 g cm" 3 or 1.067± 
0. 132AB- 

IDemorv et all ([20TT[ ) measure = 0.0213 ± 0.0014 
and assume a planetary mass of 7.98±0.69M©. Together 
with our radius for 55 Cnc, they imply a planetary radius 
of 2.193 ± 0.146i? e and a bulk density of 4.173 ± 0.602 g 
cm~ 3 , corresponding to 0.757 ± 0.109/9 j^l. 

We refer the reader to the planet transit disco very pa- 
pers, in partic ular figure 3 inJWinn et al.l ([20111 ) and fig- 
ures 5 & 6 in IDemorv et al.l (| 2 1 If) . for comparison of 
these density values to other transiting super-Earths in 
the literature. It should be noted that, although 55 Cnc 
is the brightest known star with a transiting planet, the 
amplitude of the transit signal is among the smallest 
known to date, making the determination of planet ra- 
dius very difficult. 

6. SUMMARY AND CONCLUSION 

Characterization of exoplanets is taking an increas- 
ingly central role in the overall realm of planetary re- 
search. An often overlooked aspect of determining the 
characteristics of extrasolar planets is that reported 
physical quantities are actually dependent on the astro- 
physical parameters of the respective host star, and that 

16 We note that we are calculating uncertainties based on simple 
Gaussian error propagation. That is, we make the assumption that 
the errors are not correlated, which is not quite correct since, e.g., 
stellar mass can be related to stellar radius. 
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Fig. 4. — A top-down view of the 55 Cnc system, showing the full orbital architecture centered on the star at increasing zoom levels 
from left to right (note dif ferent scales on ordinate). The habitable zone is indicated by the gray shaded region. Orbital element values are 
adopted from table 10 in Dawson & Fabrycky (2010). Planet d is well beyond the outer edge of t he HZ (left panel) . Plane t f periodically 
dips into and out of the HZ during its elliptical (e ~ 0.3) orbit (left and middle panels). See also Ivon" Braun et all l|2011bl ). Planets b, c, 
and e (the transiting super-Earth) are well inside the system's HZ (right panel). For details, see ij4]and Table[2] 



TABLE 2 

Equilibrium Temperatures for the 55 Cnc System Planets 



Planet 


M sini (M Jup ) 


a (AU) 


A = 


0.1 


A = 


0.29 


A = 


0.5 


Tit (K) 


r/= 2 (K) 


Tit (K) 


T/= 2 (K) 


Tit (K) 


Tit (K) 


b 


0.825(3) 


0.1148(8) 


699 ±4 


831 ±5 


659 ±4 


784 ±5 


604 ±4 


718 ±5 


c 


0.171(4) 


0.2403(17) 


483 ±3 


575 ±4 


456 ±3 


542 ±4 


417 ±3 


496 ±4 


d 


3.82(4) 


5.76(6) 


99 ± 1 


117 ± 1 


93 ±1 


111 ± 1 


85 ±1 


101 ± 1 


c 


0.0260(10) 


0.01560(11) 


1895 ± 12 


2253 ± 14 


1786 ± 12 


2124 ± 14 


1636 ± 12 


1945 ± 14 


f 


0.155(8) 


0.781(6) 


268 ±2 


319 ±2 


253 ±2 


301 ± 2 


231 ± 2 


275 ±2 



Note. — Equilibrium temperatures for different values of the Bond albedo A, and based on the equations injSelsis et al. ( 20071). 
A = .29 corresponds to Earth's albedo. Planet masses and orbital element values are from table 10 in Dawson & Fabrycky 
(2010); note that 55 Cnc e's mass is not subject to a sini uncertainty. / = 4 implies perfect energy redistribution efficiency on 
the planetary surface, / = 2 means no energy redistribution between day and night sides. For details, see !|4land Figure [4] The 
uncertainties in T eq are based on the uncertainties in 55 Cnc's luminosity and the planets' orbital elements. Planet f's elliptical 
orbit (e ~ 0.3) causes it to spend around 74% of its year in 55 Cnc's circumstellar HZ (Figure|4j. For details, see [|4] 



assumptions of varying degree of certainty may implic- 
itly be contained in quoted absolute values of exoplanet 
parameters. Consequently, the necessity of "understand- 
ing the parent stars" can hardly be overstated, and it 
served as the principal motivation for the research pre- 
sented here. 

Our new interferometric measurements provide a di- 
rectly determined, high-precision angular radius for the 
host star 55 Cnc. We couple these measurements with 
trigonometric parallax values and literature photometry 
to obtain the stellar physical diameter (O.943±O.OlOi?0), 
effective temperature (5196 ± 24 K), luminosity (0.582 ± 
0.014i Q ), and characteristics of the HZ (see Tabled]). 
This shows that planet f spends 74% of its year in the 
HZ. We use isochrone fitting to calculate 55 Cnc's age 
(10.2 ± 2.5 Gyr) and mass (0.905 ± 0.015M Q ). Finally, 
the directly determined stellar radius allows for a model- 
independent estimate of the radius of any transiting ex- 
trasolar planets. We use our stellar diameter value and 
recently published numbers for to estimate the ra- 
dius (~ 2.05 ± 0.15i?©) and bulk density (0.76 or 1.07 
Pq, depending on the assumed planetary mass) of the 
transiting planet 55 Cnc e. 



Due to its (naked-eye) brightness and consequent po- 
tential for detailed spectroscopic studies, the small size of 
the transiting super-Earth 55 Cnc e, planet f's location in 
the circumstellar HZ, and generally the fact that 55 Cnc 
hosts at least five planets at a wide range of orbital dis- 
tances, the system will undoubtedly be the source of ex- 
citing exoplanet results in the very near future. 
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